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Comment on “Topological Oscillations of the
Magnetoconductance in Disordered GaAs Lay-
ers”
In a recent Letter, Murzin et. al. [1] investigated “in-
stanton effects” in the magneto resistance data taken
from samples with heavily Si-doped GaAs layers at low
temperatures (T ). This topological issue originally arose
in the development of a microscopic theory of quantum
Hall effect some 20 years ago. [2] The investigations by
Murzin et. al., however, do not convey the correct ideas
on scaling that have emerged over the years in the gen-
eral theory of quantum transport. The physical idea that
has been overlooked by Murzin et. al. is that the macro-
scopic conductances measured at finite T can in general
be very different from ensemble averaged conductances
at T = 0 that one normally uses for theoretical pur-
poses. The concept of conductance fluctuations implies,
for example, that a complete knowledge of the macro-
scopic conductances at finite T necessarily involves a de-
tailed knowledge of the complete conductance distribu-
tions at T = 0. [3] This is one of the reasons why the ex-
plicit results of phenomenological approaches [4] quoted
in Ref. [1] generally lack any kind of microscopic justifi-
cation.
Unlike the expressions derived in Ref. [1], the gen-
eral scaling behavior of macroscopic quantities is ob-
tained by using well known methods of quantum field
theory (method of characteristics). [5, 6] Denoting the
ensemble averaged longitudinal and Hall conductances
by σ0 and σH respectively then the measured quantities
Gij = Gxx, Gxy at finite T [1] obey the differential equa-
tions [7, 8]
[
βσ
∂
∂σ0
+ βH
∂
∂σH
+ (2 + γ)zT
∂
∂zT
]
Gij = 0. (1)
Here, the βσ, βH and γ are the renormalization group
functions associated with σ0, σH and the singlet interac-
tion amplitude z respectively. Explicit results in the weak
coupling regime have been obtained only recently [8]
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σ2
0
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6
σ0e
−2piσ0 cos 2piσH (4)
where b1 ≈ 0.66, c2 ≈ 0.47 and D0 ≈ 13.56 are numerical
constants. In the regime e−2piσ0 ≪ 1 we can write [1]
Gxx ≈ g0 − g1 cos 2piσH , Gxy ≈ σH − h1 sin 2piσH (5)
where the functions g0, g1 and h1 depend on T only
through the scaling variable X
g0 = g0(X), X = zT ξ
2M0, ξ = l0σ
−pi2b1/4
0
epiσ0/2.
(6)
Here, ξ ≫ l0 is the correlation length, l0 a micro-
scopic length and M0 = σ
−1/2
0
[1 + pi(2c2 − b1)/(2σ0) +
O(σ−2
0
)]. [5] On the other hand, we find
g1 = [fσ(g0)−f∞(σ0)]piXg
′
0
, h1 = fH(g0)−f∞(σ0) (7)
with f∞(σ0) = [(D0/4)σ
2
0
+ O(σ0)]e
−2piσ0 . In the limit
Gxx, g0 → ∞ one expects that g0(X) → (1/pi) lnX [7]
but no first principle computation of fσ,H(g0) exists. Ex-
perimentally [1] Gxx ≈ g0 = O(1) such that both the
convergence of the series in σ−1
0
[7] and the occurrence of
broad conductance distributions [3] now complicate the
problem. These complications are clearly reflected by the
fact that the g0(X) data in the range of experimental
T [1] do not truly display the aforementioned asymptotic
behavior in X . In summary,
Gxy(T ) ≈ σ¯H − [fH(g0)− fH(g¯0)] sin 2piσ¯H (8)
with σ¯H , g¯0 denoting the values of Gxy, g0 at a fixed T ,
say T0, is a very general result that is predicted by the
theory [8]. The most important feature of the experi-
mental result fH(g0) ≈ 7.6e
−2pig0 for g0 = 1.4− −1.9 [1]
is the exponential dependence on g0 which actually has a
much more general significance in quantum field theory
over a much larger range in g0. [2, 8]
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